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SDAI: A key piece of software to manage
the new wideband backend at Robledo
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context

A joint collaborative project was recently developed to provide the Madrid Deep
Space Communications Complex with a state-of-the-art wideband backend.

The backend includes a new IF processor, as well as a FPGA-based FFT spectrometer,

which manage thousands of spectroscopic channels in real time.

These equipment need to be controlled and operated by a common software, which

has to synchronize activities among affected devices, and also with the observing

program. The final output should be a calibrated spectrum, readable by standard
radio astronomical tools for further processing.

The developed software at this end is named "Spectroscopic Data Acquisition
Interface" (SDAI). SDAI is written in python 2.5, using PyQt4 for the User

Interface.

This poster shows the modules built, a typical observing session, class structure,

and some examples of header, logs, and astronomical results.

SDAI: Spectroscopic Data Acquisition Interface.

Located in Goldstone (USA), Canberra (Australia), and Madrid (Spain).

NASA Deep Space Network: a collection of international Complexes which support tracking and activities of space missions beyond the Earth orbits.

A1l DSN complexes host several high-sensitivity antennas, whose diameters range from 26 to 70 m.
These antennas are also used for radio astronomy observations, both in single-dish mode or as VLBI stations.

The Madrid Deep Space Communications Complex (MDSCC), has six antennas operating in several radio bands.

Two of them stand out: a K-band (18 - 26 GHz) receiver attached to the DSS-63 antenna (70 m in diameter), and a Q-band (38 - 50 GHz) receiver attached to the
DSS-54 antenna (34 m in diameter).

A new complete, wideband backend for spectroscopic observations at MDSCC was recently built and put into operation. The new backend provides several GHz of
instantaneous bandwidth, and resolutions from 7 to 200 kHz. Details in Rizzo et al. [1].

A new software was built to control and synchronize different parts of the backend, as well as to interact with the observing program and the antenna.

overview and operation

observation.

SDAI interacts with three kind of hardware:

(1) Antenna. Communication is done through ethernet sockets.
- Observing program.
- Antenna control.

(2) IF processor. Communications done through serial ports.
- Synthesizer HI, from 18 to 26 GHz.
- Synthesizer LO, from 12 to 20 GHz.

(3) FFT spectrometer. Communication through ethernet sockets.
- FFTS commands, to configure and operate spectrometers.

- dataport, to retrieve and manage data.

SDAI synchronizes all items, and also writes a standard FITS file for each

Minimum dump time: 1 milisec. Limited to 1sec by software.
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SDAI has been written using the following:

> Python 2.5 for code development.

- PyQt4 for the GUI.

- pyfits for file management and writing.

> numpy for data processing.

~ struct for unpacking binary data into python variables.
- pyserial for serial communication.

- logging for standard python log.

- Tc1l/Tk wrapper to interact with the observing program.

~ C wrapper to interact with the FFT spectrometer library.

class diagram

IFProc

-freqMeasure : int

- freqSource : int
-IF:int = 4300

- _IFProcType : string
- _FrMax : float

- _FrMin : float

- _Fraskinterval @ int
- _portMame : string
- _timeout : int

- _askTimer : QTimer
-log : logging

+ run()

+ establishConnection()
+ BlockConnect()

- AskFr()

+ SetFrifreq : string)

- checksum(com : string) : char

- _notifyMessage(message : string)
+ SetFregMeasure(measurelD : int)
- SetFregSource(sourcelD : int)

+ Dispose()

- _notifyFrstatus(freq : string, alarm : string)

+ _ init_ {IFProcType : string, FriMax : float, FrMin : float, FrAskinterval : int, portName : string, timeout : int]

- freqsareinRange(freq : float, frmin : float, frmax : float) : bool
- ExecCommand{command : string) : string

DataDump

-Tog : Togging

-cint = 299792458

- invertRequired : bool = False

- _sectionData : float(]

- _dataFileName : string

- _FFTSHeaderInfo : tuple
-board : int

- bandwidth : int = 1500000000
- fits : Fits FTS

+ _UpdateFITS(fits : string) : Fits_FTS
+ UpdateBandwidth({bandwidth : int)
- calculateCards()

+ run()

+ __init__(sectionData : float[], dataFileName : string, FFTSHeaderInfo : tuple, board : int)

0-*

-dumplist

1

FFTSDataSocket

- _host : string

- _port:int

- _bufsiz: int

- _addr: [string, |
- firstDump : bool

- IFProcLo

ExpControlSocket

- _host : string

- _port:int

- _bufsiz: int

- _addr: [string, int]

- _intTimeMargin : float

- _ActualfitsHeadervbles : list()

+ _init_ (host : string, port : int, bufsiz : int]

- singleDumpIntTi

- IFProcHi
-intTimeAcc @ int
- dumpsMNumber :

- orderedintegTime : int
- _actualDump : int

nt]

me : int

$1 0-*

-dumplList

fits

int

Fits FTS

- _notifyMessage(message : string)
- _raiseDump({dump : DataDump)
- _blockCaonnect()

, -Tog : Togging
- dumplist : DataDump -
+ __init__{host : string, port : int, bufsiz: int] :SE‘;]MKP,rIirthawHDU
-+ :ﬂLiJr:r{'l) List{(DumpHeader : tuple) -BSCALE : it
~aump P PP -BZERO : int

- DATAMIN : float
- DATAMAX : float

+ run()
- _notifyMessage(message : string)
- _blockinput()

- _addPrefix(rawCommand : string) : string

Commandinput

+ _init_ {host : string, port : int, bufsiz: int, data : string] | _ fFTSSockZ? S iPE R LAl

- _antenna_On_Point : bool

- _Phase: int

- _Band: string

- _Freqglvalue : float

- _Freg2value : float

- _InitialFreqAssigned : bool

- _fFTSSocketinit : FFTSSocketinit
- _fFTSSocket : FFTSSocket

- _bands: Band

+ run() 1 - BUNIT : string
- _findVar{var : string, pattern: string) : bool : - CTYPEL : string
- _proccessFitsHeaders(fitsHeaderList : list()) _fFTSDatasocket - CRVALL : int
- _notifyMessagelmessage : string) ‘1 #1 1 - CDELT1 : int
- _raisePhaselntegTimel{phase : string, integTime : string) | 1 1 SDAI - CRPIXI : int
+ raiseFITSHeader{FITSHeader : list()) | _seitings : SDAISeitings = ETH;;EE :ff]]oatt
- fits : Fits_FTS = : floa
_expControlSocket - _expControlSocket : ExpControlSocket 1 fits 1 |- CDELT2: float
EFTSSocket -_|FF’FOCH? : IFProc ) . - CRPIX2 :.ﬂoa.t
- host : string - _IFFrocHiPort : string - CTYPE3 : string
- Tport : int - _IFProcLo : IFProc - CRVAL3 : float
_ _bufsilz T - _IFProclLoPort : string - CDELT3 : float
- “addr: I[string int] - _fFTSDataSocket : FFTSDataSocket - CRPIX3 : float
= 01 1 |- _FFTSHelpDialogUl : Ui FFTSCommandDialog - CROTA3 : float
ata : string - CTYPEA4 : string

- CRvALA ; float

- CDELT4 : float

- CRPIX4 : float

- EQUINCX : float

- TELESCOP : string
- OBJECT : string

- LINE : string

- RESTFREQ : float
-WVELO : float

=

+ _init_(args : string[l]
+ event{event : event) : event

(=]
=

QLineEdit L
1
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Freqinput

+ _init_{args : string[])
+ event{event : event) : event

=
—

Ui FFTSCommandDialog

-log : Togging

- _FillDescription()
- initialize()

+ __init__(settings : string, parent : string)
- _setupUi(FFTSCommandDialog : QDialog)

- retranslateUi(FFTSCommandDialog : QDialog)

1 1
- FFTSHelpDialogul

Band
-numband : int
- bandwidth : int

FFTSSocketinit

- bandwidths : string

- _host : string

- port : int

- _bufsiz : int

- _addr: [string, int]

- _commandPrefix : string = RPG:AFFTS:

+ run()

- _notifyMessage(message : string)
- _addBandWidthi{bwidth : string)

- _blocklnput()

- _addPrefix(rawCommand : string)

+ _init_{host : string, port : int, bufsiz : int]

- bands

0-n 1

- fFTSSocketInit

- _nit_1Q)

- _InitMenuBar()

- slotFFTSHelpCommand()
- slotFITSProcess()

- slotAbout()

- _Inituif)

- _InitListeningSockets()

- _InitConnectEvents()

- _StartListeningSockets()

+ _getSerialUSBAdapters()

- _CheckFITSFolder()

+ _ConectTolFProcLofl)

+ _ConectTolFProcHi()

- _MotifyMessagelFProcLo(param : string)

- _MotifyMessagelFProcHi{param : string)

- _MotifyStatusiFProcLo(freq : string, alarm : string)
- _NotifyStatusIiFProcHi(freq : string, alarm : string)

=i - ProcessIFProcFreglo()

- _ProcessIFProcFreqHi()

- _MotifyExpControlSocket(param : string)

- _NotifyPhaselntegTime(phase : string, integTime : s
- _Startintegration({integTime : string)

- StopIntegration()

- _NotifyFITSHeader{lstFITSHeader : string[])

+ UpdatelFPFrecuencies()

- _SynthesizerConected() : bool

- _TuneSynthesizer(synth : string)

- _LoFregMeasurelindexChange(index : int)

- _LoFregSourceManualindexChange(index : int)

- _LoFregSourcelndexChange(index : int)

- _HiFregMeasurelndexChangelindex : int)

- _HiFregqSourceManualindexChange(index : int)

- _HiFregSourcelndexChange(index> : int)

- tryParseFloat(value : string) : float

- tryParselnt{value : string) : int

+ QtoK(Qfreq : float) : float

- _MNotifyHCFTSSocketinit{param : string)

- _MotifyHCFTSSocket(param : string)

- _MotifyHCFTSDataSocket(param : string)
- _blockinput()

- _blockLoProcConnect()

- _blockHiProcConnect()

- _blockConnect()

- _ProcessCommandManual()

- _initFFTSConfiguration()

- _ProcessCommand(command : string)
- _CompleteCommand()

- _ConectToDataPort()

- _enlistPhasedDump(dump : DataDump)
- _ChangePhase()

- closeEvent(event : event)

- Dispose()

- DELTAY : float

- IMAGFREQ : float
- TSYS : float

- OBSTIME : float

- SCAN_NUM : int

- TAU_ATM : float

- GAINIMAG : float

- BEAMEFF : float

- FORWEFF : float

- ORIGIM : string

- DATE : string

- TIMESYS : string

- DATE_OBS : string
- DATE_RED : string
- ELEVETIO : float

- AZIMUTH : float
-UT: int

-LST: int

-EPQCH : int

+ generate(data : string)
+ createFITS(fileName : strin

tring)

+ updateCard{cardMame : string, cardLiteral : string)

q)

§

1 - FFTSProcess 1

Ui FITSDialog

e -Tog : Togging
- dumplist : D
- settings: _F

ataDump
FTSCfg

- _InitConnect
+ enlistDump

+ __init_ (settings: FFTSCfg, parent : string)
- setupUi(FITSDialog : QDialog, ®: int, y : int)
- retranslateUi(FITSDialog : QDialog)

Events()
(dump : DataDump)

FFTSCommand

+ com: string
+ comType : string
+ desciption : string

+ __init__{com : string, comType : string, description : string]

-settings

SDAISettings

+FFTSData |1

+IFProcLow HFProcHigh | 1

+commands | 0-*

-logCfg : Togging [otim-
+ General : _GeneralCfg

$- ¢

+ exp_Control : _exp_controlCfg
+ IFProcLow : _IFProcCfg

1 |+ IFProcHigh : _IFProcCfg

- + FFTS: FFTSCfg 1
+ FFTSData : _FFTSDataCfg =

- wmlconfig : string
+ _init_()
+ _initCfg()

$

+General |1

GeneralCfg
+ FITSPath : string
+ initCfg{xmlconfig : Document])

FFTSDatacfg T EEEEE
+ host : string + frMin : int
: gﬂ%i:zl-nitnt + askinterval : int
= 7 : + timeout : int
- + initCfglxmlconfig : Document, IFPtype : string)

+exp_Control +FFTS

1

exp_controlCfg
+ host : string
+ port : int
+ bufSiz : int
+ initCfgixmiconfig : Document])

-settings

1
1 * 1

FFTSCig

+ host : string
+ port : int
+ commands : FFTSCommand

+ initCfglxmlconfig : Document)

v
baseConfig

v

+ getText(nodelist : nodeXML] : string

Class diagram of SDAI. Four core modules are shown

i

. Details in the proceedings.

Phase

AcCTivity:

Source

Ohs Prog: Ready to receive

Fle  FITS Help

Ohservation software [DS354 Q Band]

Listen for connections
exp_control: Integrate 6.0 seconds in phase 0

Frecuency 1:
45715681

Frecuency 2:
38713.279

Stopped

Reference

Host Country FTS

Communication activity:

Waiting for FFTS response..
Command accepted: CMDUSEDSECTIONS 11 0000000000000 0000000000¢(
Command sent: configure
Waiting for FFTS response..
Command accepted: CONFIGURE
Command sent: start

Waiting for FFTS response..
Command accepted: START
Command sent: stop

Waiting for FFTS response..
Command accepted: STOP

InputCommand: (Ctri+)

IFP Low: Ok

IF Processor

Frequency: | 5892.159299

Status LS
Activity:

Link succesfully openned
Link succesfully established

16284.318600 Mhz sky freq { 5892.159300 synthasiz | 23286720600 Mhz sky fraq | 6946680150 synthesiz
5852155300 Mhz synthesizer set order dispatched 6846680150 Mhz synthesizer set order dispatched

Input:

e Rl 0

IFP High: Ok

LOwW
MHz Freguency: 6S46.68
Status el
Activity:

Link succesfully openned

45715681 Sy fracguanoy Input: 38713.279

T Freguency 1 Comaoti iG]

Data activity:

Attempting to connect to HC-FTS dataport,
Connection established
Waiting for incoming data .

Start receiving at 2012/03/15 11:26:04
Dump 446, Processing 2 bhoard
Synthesizer Source: LO. Band: Q. Spectra flipped

Processing dumps finished, FTS1_2012_075_112608S.fits created,

Synthesizer Source: LO. Band: Q. Spectra flipped

Processing dumps finished. FTS2_2012_075 1126085 fits created.

Waiting for incoming data. ...

FTS: Ready

HIGH

Link succesfully estahlished

FTS Data: Ok

a typical session

On the left, a snapshot of SDAI is shown.

MHz

by Kuiper et al. [2]

activity are shown.

Shy fraguancy

Frequency 2

Status and tuning are shown.

to do it by hand.

On the right, two 43-GHz spectra obtained using SDAI are depicted. 60 - o
In figure (a) the spectrum has a total bandwidth of 1.5\,GHz. Ttwo intense 40 |- -
lines are noted. - -
20 — —
Figure (b) shows the same, but zoomed in intensity to emphasize three other - -
lines also detected. orm . 5
B | 1 I I 1 | | I I | | 1 I | ]
() .Zl' :_ l) _:
The gray rectangle correspond to the 500-MHz band depicted in Figure (c), - .
which correspond to the other polarization and has been gathered 0.2 - 7
simultaneously. 0 [ wimmsnsmmmsmimo 5
: I I Il 1 Il I | 1 1 1 I 1 I 1 | :
Figure (d) is the same as (c), but zoomed in intensity to remark the low- 42 42.5 43 43.5
. _l T T T T T T I ]
level lines. 80 L 7
- C -
60 .
40 |- .
20 .
SIMPLE = T / conforms to FITS standard : :
BITPIX = -32 / array data type () — —
NAXIS = 4 / number of array dimensions nl B
NAXIS1 = 1 il _
NAXIS2 i 1 N ]
i - 0.4 F E
EXTEND = T . - .
gééxtE : -100? / Blanking value () '23 — —
BZERO = 0 - =
DATAMIN = 1860739255500.8 () C ]
DATAMAX = 32673365981047.46 - -
BUNIT ~ = 'K : - .
EEJKE% : STOE 1 __.() '23 %— | | | | | | | | | B
CDELT1 = 1
e - e ols i 42.8 43 43.2
Gury o BhsereesEEy el rest frequency (GHz)
CRPIX2 = 0.0
CROTA2 = 0.0
CTYPE3 = 'DEC--GLS'
CRVAL3 = 51.11027777777778 / [deg]
CDELT3 = 0.0 / [deg]
CRPIX3 = 0.0
CROTA3 = 0.0
CTYPE4 = 'FREQ
CRVAL4 = 0 / [Hz] F.Obs-F.Res = -42750366500.0
CDELT4 = 183105.46875 / [Hz] Frequency resolution
CRPIX4 = 4096
EQUINOX = 1950.0
TELESCOP= 'DSS54-Q-FTS2'
O0BJECT = 'R CAS
LINE = '42750.000' / Line name
RESTFREQ= 42750000000.0 / [MHz] Rest frequency
VELO-LSR= 24000.0 / [m/s] Velocity of reference channel
DELTAV = -1284.061720463267 / [m/s] Velocity spacing of channel
IMAGFREQ= 0.0 / [Hz] Image frequency
TSYS = 95.021 / [K] System temperature
OBSTIME = 59.938032 / [s] Integration time
SCAN-NUM= 149 / Scan number
TAU-ATM = 0.1 / Atmospheric opacity at zenith
GAINIMAG= 0.1000000014901 / Image sideband gain ratio
BEAMEFF = 0.999999999999 / Beam efficiency
FORWEFF = 0.999999999999 / Image sideband gain ratio
ORIGIN = 'SDAI v0.41-MDSCC'
0BSMODE = 'PSW-TDN '
DATE = '2012-05-28T07:55:43.382"' / Date written
TIMESYS = 'UTC !
DATE-0BS= '2012-05-28T05:55:40.770' / Date observed
DATE-RED= '2012-05-28T05:55:40.770' / Date reduced
ELEVATIO= 67.1131 / [deg] Telescope elevation
it 0.24623%2332 ; 63’?3222{6??3283?22?22 . . .
LT = 22.0380063867 / Sideral time at start A FITS header example, as written by SDAI 1in the 0.41 version.

END

SDAI integrates all its functionality in a single window.
This helps remote operation by ssh tunnels, as described

Upper left frame. Interaction with observing program and
antenna. The two tuned frequencies, integration status and

Upper right frame. Communication with the IF processor.
This is done through the tuning of the synthesizers.

Lower left frame. FFT spectrometer operation, including
a report of all introduced commands, and the possibility

Lower right frame. Data port connection and activity.
Information about integration progresses and FITS files.
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